We study the cosmological consequences of higher-dimensional operators respecting the asymptotic symmetries of the tree-level Higgs inflation action. The main contribution of these operators to the renormalization group enhanced potential is localized in a compact field range, whose upper limit is close to the end of inflation. The spectrum of primordial fluctuations in the so-called universal regime turns out to be almost insensitive to radiative corrections and in excellent agreement with the present cosmological data. However, higher-dimensional operators can play an important role in critical Higgs inflation scenarios containing a quasi-inflection point along the inflationary trajectory. The interplay of radiative corrections with this quasi-inflection point may translate into a sizable modification of the inflationary observables.
Introduction
The recent results of the Planck collaboration favor the simplest realization of the inflationary paradigm: a single-field model of inflation with a Gaussian spectrum of primordial perturbations and no isocurvature perturbations [1] . The ΛCDM scenario is also remarkably successful: a spatially flat Universe containing a proper mixture of baryons, neutrinos and cold dark matter can easily account for observations in a vast range of epochs and scales. On top of the cosmological probes, collider experiments point towards a minimal particle physics scenario containing only a 125-126 GeV scalar field with properties closely resembling those of the Standard Model (SM) Higgs [2, 3] . Nothing beyond this minimalistic framework has been discovered so far. In the absence of new degrees of freedom, it is interesting to look for scenarios able to describe the Email addresses: Fedor.Bezrukov@manchester.ac.uk (Fedor Bezrukov), m.pauly@thphys.uni-heidelberg.de (Martin Pauly), j.rubio@thphys.uni-heidelberg.de (Javier Rubio) observed Universe using the existing particle content.
In this paper we consider the observational consequences of Higgs inflation in the presence of higherdimensional operators compatible with the symmetries of the tree-level action. In Higgs inflation, the role of the inflaton field is played by the SM Higgs non-minimally coupled to gravity. No additional degrees of freedom beyond those already present in the SM are introduced to explain the background properties of the Universe, or the generation of an almost scale-invariant spectrum of primordial fluctuations.
The role of scalar fields non-minimally coupled to gravity has been extensively explored in the literature [4, 5, 6, 7, 8] . Higgs inflation particularizes the non-minimally coupled field to the SM Higgs [9] . For a metric signature (−, +, +, +), the relevant part of the Higgs inflation action reads [8, 9] 
with f (h) = M 2 P + ξh 2 , h the Higgs field in the unitary gauge and
the SM symmetry breaking potential. The nonminimal coupling ξ is assumed to be in the range 1 ξ M 2 P /v 2 EW with v EW 250 GeV the vacuum expectation value of the Higgs field and M P = 2.435 × 10
18 GeV the reduced Planck mass. The universal predictions of Higgs inflation are intimately related to the approximate scaleinvariance of Eq. (1) at h M P / √ ξ. This emergent symmetry translates into a scale-invariant spectrum of primordial fluctuations in excellent agreement with the latest Planck results [1] . The embedding of Higgs inflation in a fully scaleinvariant framework was considered in Refs. [10, 11, 12] .
The non-minimal coupling to gravity makes Higgs inflation non-renormalizable [13, 14, 15, 16] , which in turn forbids the interpretation of the model as a UV-complete theory. Thus, Higgs inflation should be understood as an effective field theory (EFT) applicable below a given cutoff Λ [16, 17] . This scale could signal the onset of a strong coupling regime [18, 19, 20] or the appearance of additional degrees of freedom [21, 22] . The cutoff following from the tree-level action (1) is not a fixed scale, but rather a dynamical quantity that depends on the expectation value of the Higgs field [16] 
As shown in Ref. [16] , all energy scales involved in the inflationary and post-inflationary evolution of the Universe are parametrically smaller than Λ(h). The weak-coupling approximation therefore remains valid (see also Refs. [23, 24, 25] ). A sensible computation of radiative corrections within the EFT interpretation of Higgs inflation requires the introduction of an infinite number of higher-dimensional operators suppressed by the cutoff scale in Eq. (3). The minimal set of operators is generated by the theory itself via radiative corrections. By construction, these operators respect the asymptotic scale-symmetry of the classical action at large field values. However, there is a larger set of operators with this property. Indeed any higherdimensional operator constructed out of the Higgs field, the cutoff scale Λ(h) and some numerical co-
becomes automatically scale-invariant in the large field regime h M P / √ ξ. The predictions of Higgs inflation can only be considered robust if they are insensitive to the particular choice of operators and coefficients in Eq. (4) . The sensitivity of the inflationary observables to higher-dimensional operators has been partially addressed in the literature. The analysis presented in this paper complements the results of Refs. [26] and [27] . In particular, Ref. [26] considers Higgs-inflation scenarios away from the so-called critical case, while Ref. [27] does not consider the field-dependence of radiative corrections. In this paper we extend the analysis of these references to different ultraviolet (UV) completions and to the critical Higgs-inflation regime [28, 29] containing a quasi -inflection point along the inflationary trajectory.
This paper is organized as follows. In Section 2 we reformulate Higgs inflation in the socalled Einstein frame, where the gravitational sector takes the usual Einstein-Hilbert form. The renormalization procedure for this (intrinsically non-renormalizable) theory and the ambiguities associated with different UV completions are presented in Section 3. The effect of these completions on the renormalization group enhanced potential is discussed in Section 4. We consider two alternative scenarios and analyze their impact on the inflationary observables and on the complete power spectrum. The results are presented in Section 5 and 6. Section 7 contains the conclusions.
Higgs inflation in the Einstein frame
The nonlinearities generated by the non-minimal coupling ξ in Eq. (1) can be transferred to the matter sector by performing a Weyl rescaling of the metric g µν → Ω 2 (h)g µν with conformal factor
The resulting Einstein-frame action reads
with
the non-homogeneous part of the Ricci scalar transformation [30] and
the rescaled potential. In these variables, the dynamical information of the model is partially encoded in the non-canonical kinetic term. In order to compute the inflationary observables using the standard slow-roll techniques, it is convenient to perform an additional field redefinition
to canonically normalize the Higgs field. Although an exact analytical solution to this equation exists [31] , the result is not very enlightening. For the purposes of this paper, it will be enough to consider the approximate solution
the critical value separating the low-and high-field regimes. Using Eqs. (7) and (9), the Einstein-frame potential at φ v EW becomes
for φ > X cr .
(12) Note that for φ 3/2M P the potential becomes exponentially flat. This asymptotic shift-symmetry is the Einstein-frame manifestation of the approximate scale-invariance of Eq. (1) at h M P / √ ξ. The transition to the Einstein frame is indeed analogous to the spontaneous breaking of the symmetry. The field φ can be interpreted as the pseudoGoldstone boson of (non-linearly realized) scaleinvariance [32] .
For a canonically normalized field φ, the statistical information of the primordial perturbations generated during inflation is dominantly encoded in the two-point correlation function, or equivalently in its Fourier-transform, the power spectrum P R . To the lowest order in the slow-roll approximation, the amplitude of the power spectrum reads
with the first slow-roll parameter and the stars denoting the evaluation of the associated quantities at horizon crossing, i.e. when k = aH. The normalization of the power spectrum at large scales [1] log(10 10 P * R ) 3.094 ± 0.034 ,
fixes the amplitude of the inflationary potential and the tree-level relation between the Higgs selfcoupling λ and the non-minimal coupling ξ
Note that any variation of λ can be compensated for by a proper change of ξ. Evaluating the slow-roll parameters and η at horizon exit, one obtains the following approximate expressions for the spectral tilt of scalar perturbations n s and the tensor-toscalar ratio r [9] n s = 1 + 2η
with N the number of e-folds before the end of inflation. The precise value of N in these equations depends on the postinflationary history of the Universe and in particular on the duration of the reheating stage. Following the estimates of Refs. [31, 33, 34] , we will take N 60. Numerically, this gives rise to a spectral tilt in excellent agreement with the latest CMB results and a small tensor-to-scalar ratio
Higgs inflation renormalization
The non-minimal coupling between the SM Higgs and gravity translates into a non-renormalizable Einstein-frame potential (11) . This lack of renormalizability also permeates the interactions of the Higgs boson with the SM particles.
Higgs inflation should be interpreted as an EFT to be supplemented by a particular set of higherdimensional operators. In the absence of a UV completion of the SM coupled to gravity, the choice of these higher-dimensional operators can only be based on the assumption of symmetries and/or on the self-consistency of the procedure.
The minimal set of operators needed to make the theory finite at every order in perturbation theory follows from the theory itself [16, 35] . These operators are generated by radiative corrections and constitute a particular subset of a more general class of operators respecting the asymptotic scaleinvariance of the tree-level action at h M P / √ ξ, or equivalently, the shift-symmetry of the Einsteinframe potential (11) . The most important contributions are associated with the Higgs and top quark interactions. The relevant part of the Einsteinframe Lagrangian reads
with y t the top Yukawa coupling. As usual, the loop divergences generated by this tree-level Lagrangian can be eliminated by introducing a proper set of counterterms. A regularization scheme, that fits well with the asymptotic symmetries of Eq. (1) at h > M P / √ ξ, is dimensional regularization with an asymptotically scale-invariant subtraction point [36] 
Note that this is a Jordan-frame definition. For the results associated to other non-scale invariant prescriptions in this frame see Refs. [37, 38, 39, 40] . On general grounds, a counterterm in dimensional regularization contains a pole in = (4−d)/2 (with d the fractional spacetime dimension) and a finite part δL
The coefficients of the poles are chosen to cancel the divergences generated by loop diagrams. Once the divergent parts are subtracted we are left only with the finite terms. At 1-loop, they read [35] δL
with the primes denoting derivatives with respect to the scalar field φ. The coefficients δλ a , δλ b , δy a and δy b in these equations should be understood as remnants of a given UV completion and cannot be determined from the EFT itself [16, 35, 41] .
Note that the functional dependence of Eqs. (22) and (23) differs from that in the tree-level Lagrangian. While the finite part δλ b can be reabsorbed into the definition of the Higgs-self coupling, the consistency of the renormalization procedure requires promoting δλ a , δy a and δy b to new coupling constants with their own renormalization group equations. The inclusion of the associated counterterms in the tree-level Lagrangian and the re-evaluation of radiative corrections generates new contributions on top of the original one-loop result. As before, these finite parts should be promoted to new coupling constants with additional renormalization group equations. This iterative scheme gives rise to a renormalized Lagrangian containing a tower of higher-dimensional operators. The presence of these operators has far-reaching consequences. In particular, the masses of the SM particles at the electroweak scale cannot be unequivocally related to their inflationary values without the precise knowledge of the UV completion [35] (see also Refs. [41, 42] ).
In Ref. [35] , it was assumed that the finite parts appearing at every order in perturbation theory were small and of the same order as the loops generating them. In practice, this assumption allows to safely truncate the aforementioned set of higher-dimensional operators. Note, however, that the functional form of the effective action at small and large field values is almost insensitive to this assumption [16, 35] . In particular, all threshold effects (independent of their order) maintain the quartic behavior of the Higgs potential at φ X cr and the asymptotic flatness at φ 3/2 M P [35] . The finite parts can only affect the transition region 1 X cr < φ < 3/2 M P . This can easily be understood by considering the structure of Eq. (12) . For small field values the function F (φ) in Eq. (11) becomes approximately linear, F ≈ φ and the conformal factor equals one, Ω ≈ 1, up to highlysuppressed corrections of the order O(φ/(M P /ξ)). The quartic behavior of the potential at φ < X cr is therefore approximately maintained. Equivalently, the Jordan-frame cutoff scale (3) becomes approx-imately Λ(h) ≈ M P /ξ at small h. All operators of the shape (4) with n > 4 are supressed by a scale that significantly exceeds the Higgs vacuum expectation value, M P /ξ v EW , and the energy scale of any present collider physics experiment [13, 14, 15, 16] . While the above argument only considers the Higgs sector, the same suppression applies to higher-order operators involving the SM fermions. The finite parts of the coefficients of all dimension four operators can be reabsorbed into the definition of the low energy couplings, as is usually done in renormalizable field theories.
However some of these contributions dynamically vanish in the intermediate region X cr < φ < 3/2 M P , where the function F (φ) evolves towards the constant value F ∞ = M P / √ ξ and the full set of higher-dimensional operators becomes exponentially suppressed. The same argument can be extended to other operators beyond the minimal set. Indeed, the Einstein-frame version of the asymptotically scale-invariant operators (4) 1
become asymptotically shift-symmetric in the large field regime.
The effective potential
The threshold effects in the transition region X cr < φ < 3/2 M P modify the running of the SM couplings (see Refs. [43, 44, 45] for the pure SM running and Refs. [17, 36, 46] for the running in Higgs inflation). This modification can be incorporated in the action by replacing the tree-level couplings by their running values in the presence of threshold corrections [28, 35] . The renormalization group enhanced (RGE) potential at φ v EW takes the approximate form
The quantities λ 0 and b in this expression should be understood as functions of the Einstein-frame top quark mass m t (φ) = yt √ 2 F (φ) and the Higgs mass at the inflationary scale [28] . The function δΛ(φ) relates λ 0 to its low energy counterpart, i.e. it parametrizes the effect of threshold corrections. For δΛ(φ) = 0 the parameter q marks the energy scale at which the beta function for the Higgs selfcoupling λ(φ) vanishes. The parameter b corresponds to the derivative of the beta function at that scale, with b 2.3 × 10 −5 for the SM renormalization group. The choice
respects the asymptotic symmetry of the scaling frame (1) at h M P / √ ξ and the corresponding shift-symmetry of the Einstein-frame action at φ > 3/2M P . Here we have defined an effective parameter κ, which depends on the scale q, the nonminimal coupling ξ and the details of the one-loop potential calculation. This parameter is convenient for the computation of the inflationary observables and can be easily translated into more "physical" quantities via Eq. (27) . Note, however, that due to the presence of threshold corrections, these "physical" quantities are not directly the parameters obtained from the renormalization group running of the SM at low energies.
In the lack of a UV completion able to determine the coefficients of higher-dimensional operators, the precise shape of the potential in the transition region X cr < φ < 3/2 M P cannot be unequivocally determined. In Ref. [28] (see also Refs. [26, 27] ), the threshold correction δΛ(φ) was taken to be completely field-independent (or instantaneous). In this limit, Eq. (25) becomes [28] 
This RGE potential displays some distinct features with respect to the tree-level potential. In particular, it allows for the appearance of an exact inflection point along the inflationary trajectory for particular values of the model parameters, namely for
The position of the inflection point
turns out to be numerically close to the value 3/2M P , where the function F (φ) in Eq. (12) becomes effectively field independent. The power spectrum following from Eq. (28) is shown in Fig. 1 for different values of κ and ξ. Due to the complicated shape of this RGE potential, we rely on numerical methods. Using the standard slow-roll approximation, for each pair of κ and ξ, we obtain the inflaton value at the onset of the inflationary regime, assuming 60 e-folds of inflation. We then adjust the constant offset λ 0 to get the right normalization (14) and compute the inflationary observables and the power spectrum along the inflationary trajectory. We also require the inflationary potential to be monotonic during the whole inflationary regime. In monotonic potentials that are extremely flat one can enter an era of ultra slow-roll [47, 48] , in which the slow-roll approximation breaks down. In this regime stochastic effects become important [49, 50, 51] . We explicitly confirmed that we do not need to consider these effects by numerically integrating the equations of motion and checking that the Hubble flow parameters¯ = −Ḣ H 2 and¯ 2 ≡˙ H remain much smaller than one along the whole inflationary trajectory. In all the scenarios considered in this paper the standard slow-roll approximation always remains valid. By varying the parameter b in the interval 0.9 − 2.3 × 10 −5 , we confirmed that the inflationary predictions are independent of its precise value. Thus, the difference between the exact renormalization group evolution near the scale q and the pure SM running one is numerically not important. For illustration purposes, we choose the SM value b = 2.3 × 10 −5 . As shown in Fig. 1 , we can clearly distinguish two regimes: i) Universal/Non-critical regime: For λ 0 b/16κ, the effective potential becomes almost insensitive to the logarithmic term in Eq. (28) . The value of the first slow-roll parameter increases monotonically towards the end of inflation. This is reflected in the featureless shape of the power spectrum in this regime. The spectral tilt and the tensor-to-scalar ratio coincide with their tree-level values (18) . Our results also agree with those in Refs. [26, 27, 28] . ii) Critical regime: If λ 0 b/16κ, the effective potential develops a quasi -inflection point around which the inflaton evolves very slowly as compared to the rolling in other parts of the inflationary trajectory. This behavior modifies the inflationary observables [28, 29, 52, 53] . In particular, the tensor-to-scalar ratio r can become comparatively large, r O(10 −2 −10 −1 ).
On top of the large-scale modifications of the spectrum, the non-monotonic evolution of generates a bump at small and intermediate scales. At fixed spectral tilt n s , the amplitude and width of the peak are correlated with the tensor-to-scalar ratio r. Larger values of r give rise to higher and wider peaks. The maximum values of the spectrum compatible with the 68% and 95% C.L Planck results are P max R 3.7 × 10 −7 and P max R 1.6 × 10 −6 , respectively. Note, however, that in the presence of the bump the global behavior of the spectrum cannot be accurately described by a simple expansion in terms of the spectral-tilt and its running. Although the direct comparison of CMB data with the primordial spectrum at large scales displays a reasonable consistency (cf. Fig. 1 ), it would be interesting to eventually perform a complete fit of the spectrum, as suggested in Ref. [54] .
The field value φ I associated with the minimum of the slow-roll parameter for a fiducial spectral tilt n s = 0.968 and varying tensor-to-scalar ratio r is shown in Fig. 2 . The shaded regions stand for the 68% and 95% Planck constraints on r. For the universal regime with monotonic slow-roll parameter , the value of φ I coincides with the value of the field at the onset of the inflationary regime, φ 60 . The sharp transition at r 0.008 signals the beginning of the critical regime in this particular example. Beyond this point, the quantity φ I approximately coincides with the position of the quasiinflection point. The larger the tensor-to-scalar ratio, the closer the quasi -inflection point is to the region X cr < φ < 3/2M P , where threshold effects are expected to be relevant.
Threshold corrections and inflationary observables
In this section, we analyze the impact of noninstantaneous threshold corrections in the inflationary observables. We consider two different scenarios: 1) threshold effects consistent with the truncation of the renormalization group equations at 1-loop and 2) collective threshold effects parametrized by a smoothly interpolating function between the low-and high-energy regimes.
1-loop threshold scenario
This scenario follows the lines of Ref. [35] . In particular, we will assume that the finite parts ap- This particular value corresponds to the typical magnitude of the non-minimal coupling ξ in the critical regime and is chosen for illustration purposes only. The vertical lines correspond to φ = Xcr (dashed red) and φ = 3/2M P (solid red). In the inset we show a rescaled version of δΛ(φ) resolving the small bump generated at φ > 3/2M P by the sign flip in F .
pearing at every order in perturbation theory are small and of the same order as the loops producing them. Using this hierarchy to consistently truncate the series of higher-dimensional operators at first order in perturbation theory, and taking into account Eq. (22), we will parametrize the effect of the 1-loop jumps by an effective function
The shape of this threshold correction is shown in Fig. 3 . After a fast decay, δΛ(φ) develops a small bump 4 and approaches zero exponentially at large field values. The inflationary observables associated to this scenario are shown in Fig. 4 for different values of κ and amplitudes δλ a in the range −10 −2 ≤ δλ a ≤ −10 −4 . The choice δλ a ≥ −10 −2 is based on particle physics phenomenology and on our interest in the critical Higgs inflation scenario. At the inflationary scale the Higgs self-coupling in 3 As explained in Section 3 the coefficient δλa in Eq. (31) should be promoted to a new coupling constant with its own renormalization group equation. Here we explicitly neglect the running of δλa in the transition region Xcr < φ < 3/2M P and postpone the computation of the associated beta function to a future work. 4 This bump is due to a change of sign in F at φ > 3/2M P . the critical regime is of the order of O(10 −6 ). At the electroweak scale the value of the Higgs selfcoupling can be determined from experiment and its running computed using the SM renormalization group equations. A jump δλ a ∼ O(−10 −2 ) connects the inflationary value of the Higgs selfcoupling associated to the critical regime with values of the Higgs mass at the electroweak scale in good agreement with the latest LHC results [35] .
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Within the critical regime, larger jumps would be in conflict with electroweak constraints (that is, correspond to too light Higgs masses). On the contrary, sizable values of δλ a , including δλ a ∼ O(−1), are allowed in the non-critical regime, leading to values of the Higgs self-coupling at inflation larger than O(10 −6 ) [35] . Note, however, that for |δλ a | O(1) the perturbative computation, and the associated truncation of the renormalization group equations leading to Eq. (31), is expected to break down.
Varying δλ a , again we can distinguish two regimes: i) Universal/Non-critical regime: In the absence of a quasi -inflection point able to account for a large number of e-folds, the value of the inflaton at horizon exit significantly exceeds the values affected by threshold corrections even if these are not completely instantaneous. In this regime, the inflationary observables are independent of the precise choice of δλ a and κ. Different values of δλ a can always be accomodated by different values of the non-minimal coupling ξ and the observables approach the attractor values in Eq. (18) . This is consistent with the results of Ref. [26, 27] . ii) Critical regime: Since the value of the tensorto-scalar ratio at horizon exit is related to the fraction of e-folds accounted for in the quasiinflection point, small modifications of the potential around this point can translate into sizable effects on the inflationary observables. For very small values of δλ a , the slow-roll evolution of the inflaton field in the vicinity of the quasiinflection point is not significantly affected. In this case, the predictions of Higgs inflation remain reasonably stable even within the critical regime. This is due to the 1/ξ 2 suppression of Eq. (31) and its rapid decay at φ ∼ X cr . Note also that the localized bump in Fig. 3 does not give rise to any observable effect. Its relative size is so small, that the bump is numerically irrelevant as compared to the exponential rising of the potential in the same field region. The situation changes completely for larger values of δλ a , i.e. when the contribution of δΛ(φ) at the inflection point (30) becomes comparable with λ 0 . As shown in Fig. 4 , the inflationary observables generically depend on the details of the UV completion.
Collective threshold scenario
To illustrate the degeneracies between amplitude and rapidity of threshold corrections, we will consider a purely phenomenological scenario. Rather than assuming a particular set of operators sharing the asymptotic shift-symmetry of the Einsteinframe tree-level action, we will parametrize their collective effect by a step-like function smoothly interpolating between the low and high-energy regimes, namely
with F ∞ = M P / √ ξ the asymptotic value of F at φ → ∞. The parameters δλ and ∆ in this expression account for the amplitude and rapidity of the transition. For ∆ = 1, the shape of the correction coincides exactly with the structure (F ) 4 , typically appearing in 1-loop expressions.
The variation of ∆ is intended to encode effects that were explicitly ignored in the 1-loop scenario, such as the running of the finite parts or the constructive/destructive interference of additional operators if the 1-loop truncation is not assumed (see Fig. 5 ). Note that Eq. (32) is chosen for illustration purposes only. Its particular shape is not essential for the results presented here 6 . Indeed, the precise way in which the ultraviolet regime is connected to X cr is completely irrelevant for the determination of the inflationary observables. Only the variation of δΛ(φ) in the vicinity of the quasi -inflection point is important.
By varying ∆ we explore the effect of changes in the rapidity of the transition on observables. For less rapid transitions even tiny jumps that did not play a role in the one-loop case can become relevant. We highlight this feature by choosing a fiducial value of δλ = −1 × 10 −5 . The modifications of the primordial power spectrum, the spectral tilt and the tensor-to-scalar ratio for this fiducial value and finite values of ∆ are presented in Fig. 6 . This figure clearly illustrates the degeneracy between the amplitude of the jumps and the rapidity of the tran- sition. Small jumps δλ −1 × 10 −5 that were not significantly modifying the inflationary observables in the 1-loop scenario become relevant for slower transitions. If we had considered jumps of order δλ ∼ O(−10 −2 ), even small changes of order ∆ ∼ O(10 −1 ) in the transition rapidity would have significantly altered the observables.
Threshold corrections and the primordial power spectrum
The non-instantaneous threshold scenarios discussed in Section 6 modify also the shape of the inflationary spectra at small and intermediate scales.
As shown in Fig. 7 and 8, these modifications are O(1) and do not introduce any new phenomenology, such as the creation of primordial black holes after horizon entry [57, 58, 59] . Indeed, the largeamplitude peaks needed for the production of these dark matter candidates are associated with values of the tensor-to-scalar ratio that are totally incompatible with observations. Note however that our analysis explicitly excluded non-monotonic potentials. Considering potentials with a local minimum along the inflationary trajectory could generate larger peaks in the spectrum. However, the ordinary slow-roll treatment is not appropriate in this situation [47, 48] and further effects, such as the stochastic motion of the inflaton field [49, 50, 51] , should potentially be considered. We postpone the analysis of this issue to a future publication. The creation of a non-negligible amount of primordial black holes in inflationary models with nonmonotonic potentials and critical Higgs inflation scenarios was recently advocated in Refs. [60, 47, 61] . The analysis presented in this paper displays some important differences with Ref. [61] , in particular: i) the absence of threshold effects, ii) the use of a large running for the non-minimal coupling ξ which significantly exceeds the usual renormalization group predictions. Indeed, the one-loop beta function for ξ in the SM non-minimally coupled to gravity is given by [36, 62] 
For realistic values of the couplings near the Planck scale (ξ = 50, g = 0.45, g = 0.5, y t = 0.4) the running of ξ is small, β ξ ∝ O(10 −2 ). We thus neglected the running in our analysis. It would be interesting to revisit the claims of Ref. [61] in a well-defined UV completion of the SM non-minimally coupled to gravity, potentially including additional degrees of freedom able to generate a large ξ running. 
Conclusions
We considered the phenomenological consequences of higher-dimensional operators respecting the asymptotic symmetries of the classical Higgs inflation scenario. Depending on the details of the renormalization group running of the Higgs selfcoupling up to the inflationary scale one needs to distinguish two cases: critical Higgs inflation occurs if the self-coupling at the inflationary scale is tiny and the RGE potential develops a quasiinflection point. For larger values of the selfcoupling the potential maintains its shape and one stays in the regime of universal Higgs inflation. Higher-dimensional operators modify the SM running by inducing jumps in the coupling constants within a localized region between the electroweak and the inflationary scales. Connecting measurements at the electroweak scale to the critical Higgs inflation scenario requires the magnitude of these jumps to be smaller than O(10 −2 ). Using the RGE potential, we studied the impact of these corrections on the power spectrum of primordial perturbations generated during inflation. We considered two particular scenarios: 1) threshold effects consistent with the truncation of the renormalization group equations at 1-loop and 2) a purely phenomenological parametrization that encodes collective threshold effects, smoothly interpolating between the low-and high-energy regimes.
In spite of their simplicity, these two scenarios were enough to illustrate the robustness of universal Higgs inflation and the subtleties associated with critical Higgs inflation. As long as the RGE potential does not contain a quasi -inflection point along the inflationary trajectory, the spectrum of primordial fluctuations is universal and almost insensitive to the particular set of threshold corrections. In the presence of an inflection point, the details of the UV completion can no longer be ignored. The possible field-dependence in the vicinity of the quasiinflection point (i.e. at scales close to the onset of the scale invariant regime) can modify the shape of the primordial spectrum. On general grounds, precise predictions within critical Higgs inflation should be complemented by a particular UV completion of the Standard Model non-minimally coupled to gravity.
